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I n t roduc t i on  

Zinc ch lo r i de  ac ts  as a c a t a l y s t  f o r  t he  hydrogenation o f  coal1 9 2 .  It has 
been proposed as a coal  hydrogenation ca ta l ys t  i n  a number o f  processes, b u t  
development o f  these processes has been hindered by cor ros ion  and recovery problems 
of t he  z inc  ch lo r ide .  Zielke,  e t . a l . 3 ~ 4  have repor ted  on the  c a t a l y t i c  a c t i v i t y  o f  
massive amounts o f  z inc  ch lo r i de  f o r  hydrocracking coal, coal  ex t rac ts  and po ly -  
nuclear aromatic compounds. Studies a t  t he  Un ive rs i t y  o f  Utah5,6 have shown the  
effectiveness o f  l esse r  amounts o f  impregnated z inc  ch lo r i de  f o r  ca ta l yz ing  coal 
h drogenation. Conversions o f  up t o  85% were obtained a t  residence times estimated 
t i  be one t o  s i x  seconds. Dry coal was r a p i d l y  heated i n  an entrained-f low reac tor .  
Coal i s  very r e a c t i v e  t o  hydrogenation i n  the  presence o f  z inc  ch lo r i de .  
the  mechanism o f  c a t a l y s i s  i s  no t  understood and i s  an important and i n t e r e s t i n g  
problem f o r  study. 

produces important s t r u c t u r a l  changes7 ~ 8 .  
i n e r t  atmospheres r e s u l t s  i n  dehydrogenation o f  hydroaromatic groups i n  the  coal 
and a decrease i n  the  evo lu t i on  o f  t a r s  and gases. Hydrogen i s  evolved below 
400°C when ZnCl2 i s  present, bu t  no t  i n  t h e  absence o f  ZnClp. The hydrogen has 
been shown t o  come p r i m a r i l y  from hydroaromatic groups. 
r e l a t i v e l y  low temperatures r e s u l t s  i n  supression o f  t a r  and gas evo lu t i on  a t  
h igher  temperatures. The a c i d i c  p roper t ies  o f  z inc  ch lo r i de  on the  coal surface 
disappear upon heating. Impregnated samples show la rge  increases i n  surface area, 
enlargement o f  t he  c a p i l l a r y  pores and hydrogen chemisorption p roper t i es  upon heat 
treatment. The nature o f  intermediates formed by t h e  ZnC12 dur ing  these reac t ions  
i s  of i n t e r e s t  because o f  i t s  poss ib le  r o l l  i n  coa l  hydrogenation reac t ions .  A 
Fr iede l -Cra f ts  type a c i d  in te rmed ia te  has been proposed f o r  hydrogenation w i t h  
l a r g e  amounts o f  z i n c  ch lo r ide3.  I n  t h i s  repor t ,  t h e  importance o f  f r e e  r a d i c a l  
reac t ions  i s  studied. N i t r i c  oxide i s  used as a rad i ca l  scavenger t o  te rmina te  
chain-propagation reac t ions .  

However, 

Studies have shown t h a t  z inc  ch lo r i de  i n t e r a c t s  w i t h  coal  upon heat lng  and 
Py ro l ys i s  o f  ZnCl2-impregnated coals i n  

Dehydrogenation a t  

Experimental 

A microbalance was used t o  cont inuously record  the  weight o f  coal  samples 
du r ing  heat ing a t  5'C/min. and dur ing  isothermal experiments. N i t rogen o r  a 0.1 
mole percent mix tu re  o f  n i t r i c  oxide i n  n i t rogen  flowed through the  reac to r  dur ing 
the  reac t i on  a t  a r a t e  o f  0.2 l/min. Hiawatha. Utah coal was used i n  these 
experiments (high v o l a t i l e  bituminous, 43.1% VM on dry  basis,  79.5% C, 5.2% H, 
1.6% N. 0.6% S, 13.0% 0). Impregnated samples were repared by mix ing  coal  w i th  
aqueous so lu t ions  o f  ZnC12 and evaporating the  wa teg .  

Results and Discussion 

a t y p i c a l  weight l o s s  curve i n  n i t rogen atmospheres. The evo lu t i on  o f  t a r  and 
gases i s  supressed by impregnation o f  12% ZnCl2. The e f fec t  o f  n i t r i c  ox ide  i s  t o  
fu r the r  decrease the  l oss  o f  weight f o r  both the coal  and the impregnated coal .  
Above 500"C, there  i s  considerable ox ida t i on  o f  t h e  samples by the  n i t r i c  oxide. 
The r e s u l t s  o f  isothermal experiments a t  400°C are  shown i n  f i g u r e  2. A s i m i l a r  
r e s u l t  i s  noted t o  t h a t  o f  the  the rmgrav ime t r i c  ana lys is .  The coal  shows the l oss  
of v o l a t i l e  matter i n  n i t rogen  atmospheres, wh i l e  the  impregnated coal  shows a much 

Thermogravimetric ana lys is  r e s u l t s  a r e  shown i n  f i g u r e  1. Hiawatha coal  shows 



lower weight loss.  
reac t ions  which lead t o  v o l a t i l e  products. 
samples includes t h e  l oss  o f  ZnC12. 
i s  obtained when SnC12-2H20 i s  impregnated on the  coal  surface. 
thermal experiments a r e  l i s t e d  i n  t a b l e  1. 

The e f f e c t  o f  t h e  n i t r i c  oxide i s  t o  i n h i b i t  t h e  py ro l ys i s  
The weight l o s s  o f  t h e  impregnated 

A r e s u l t  s i m i l a r  t o  t h a t  obtained w i t h  ZnClp 
Results o f  i so -  

Table 1 
Isothermal Weight Losses a t  400°C 

Sample Atmosphere Weight loss,  % 
Coal 
Coal - -  
E f fec t  o f  NO 
Coal /12% ZnCl2 
Coal/l2% ZnCl2 i b N 2  
E f f e c t  o f  NO 

#/N2 
Coal/2O% SnC12 
Coal/ZO% SnCl2 
E f f e c t  o f  NO 

27.5 
23.0 
4.5 

14.3 
10.1 
4.2 

10.4 
5.0 
5.4 

Berkowitz and Dammeyerg s tud ied  the  low-temperature carbon iza t ion  of coal i n  
the presence o f  n i t r i c  ox ide  and concluded t h a t  n i t r i c  ox ide  re ta rded thermal 
decomposition o f  t h e  coal  and i n h i b i t e d  secondary polymerizat ion o f  t a r  when 
present a t  the  s t a r t  o f  py ro l ys i s .  
ment o f  decomposition due t o  n i t r i c  oxide. 
NO were much grea ter  i n  these experiments. 

f r e e  rad i ca l  chain reac t i ons .  Zinc c h l o r i d e  and stannous c h l o r i d e  a lso  i n h i b i t  
the  d e v o l a t i l i z a t i o n  o f  coa l ,  bu t  t he  e f f e c t s  o f  ZnC12 and SnC12 are  independent 
of NO i n h i b i t i o n  as shown i n  t a b l e  1. It can be concluded t h a t  ZnCl2 and SnC12 
reac t ions  do no t  i nvo l ve  f r e e  r a d i c a l  chains i n  coal  py ro l ys i s .  

den Hertog and Berkowitz lo repor ted  an enhance- 
The p a r t i a l  pressure and f l o w  r a t e  of 

N i t r i c  oxide i n h i b i t s  t h e  d e v o l a t i l i z a t i o n  o f  coal, presumably by te rmina t ing  

i’. 
U 
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Figure 1 .  Thermogravimetric Analysis 
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Figure 2 .  Isothermal Pyrolysis 
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